Most research linking early pubertal development to substance use has focused on the effects of pubertal timing (age at which a certain stage of pubertal development is reached or pubertal status at a particular age-related to the maturation disparity hypothesis), but little research has focused on pubertal tempo (rate of growth through pubertal stages-related to the maturation compression hypothesis). However, both timing and tempo have not only been identified as important components of pubertal development, with different predictors, but have also been shown to be independently associated with other adolescent psychopathologies. Using latent growth-curve modeling, this study examined how pubertal status at age 12 and pubertal tempo (between 11 and 13 years) related to substance use from 15 to 16 years in boys from low socioeconomic backgrounds (N ϭ 871). Results showed that both pubertal status at age 12 and tempo were significant predictors of increased levels of substance use and problems in mid to late adolescence. In an attempt to identify mechanisms that may explain the association between pubertal development and substance use it was found that sensation seeking partially mediated the association between pubertal status at age 12 and substance use behaviors. Impulse control was found to moderate the association sensation seeking had with marijuana use frequency, with high sensation-seeking scores predicting higher marijuana use frequency only at low levels of impulse control. These findings highlight the importance of considering multiple sources of individual variability in the pubertal development of boys and provide support for both the maturational disparity and compression hypotheses.
students report binge drinking, and around 25% report having tried an illicit substance (Office of National Statistics, 2008; U.S. Department of Health and Human Services, 2007) . Youth substance use is also prevalent in Europe, with almost half of all young people in the United Kingdom trying an illegal drug by the age of 16 years and around one third of adolescents between 13 and 17 years drinking alcohol at least once a week (The Information Centre, 2008 ). Short-term consequences of early onset drinking and drug use include poor grades; school drop-out; higher risk for assault; suicide; homicide; accidental injuries, including death from alcohol poisoning; and psychosocial immaturity, with longer term consequences, including a range of behavioral and mental health problems (Chassin et al., 2010; Grant & Dawson, 1998; King, Meehan, Trim, & Chassin, 2006; Odgers et al., 2008; Single, Rehm, Robson, & Van Truong, 2000) . Given these serious consequences and the increased risk for adult substance abuse and dependence observed as the age of substance use onset decreases (Grant & Dawson, 1998) , identifying factors in childhood and adolescence related to substance use initiation and frequency is essential for developing evidence-based targeted prevention and clinical practice guidelines.
Although the development of substance misuse has been shown to be multidetermined, and multiple risk factors for substance misuse have been identified, recent research has highlighted the important role of early pubertal development. A number of studies have shown that puberty is a sensitive period that is associated with the onset, increase, or both, of emotional and behavioral problems, including depression (e.g., Mendle, Harden, BrooksGunn, & Graber, 2010) , externalizing behaviors such as aggression and delinquency (e.g., Felson & Haynie, 2002; Lynne, Graber, Nichols, Brooks-Gunn, & Botvin, 2007) , and substance use (e.g., Costello, 2007; Hayatbakhsh, Najman, McGee, Bor, & O'Callaghan, 2009; Patton et al., 2004; Westling, Andrews, Hampson, & Peterson, 2008) .
Much of the research linking early pubertal development and problem behaviors, including substance use, was conducted in girls, with findings showing that early maturing girls also initiated smoking and drinking earlier (Wiesner & Ittel, 2002; Wilson et al., 1994) and were more likely to smoke marijuana and experiment with other illegal substances (Magnusson, Stattin, & Allen, 1985; Prokopcakova, 1998) . Although it is recognized that early maturation has different implications for boys and girls, with some studies showing that boys and their peers tend to view their early development more positively than girls (Petersen & Crockett, 1985) , interest in the link between early pubertal development and substance use and other problem behaviors in boys has increased in recent years. Many of these recent studies have shown that early pubertal maturation is also significantly associated with substance use in boys (Hayatbakhsh et al., 2009; Tschann et al., 1994; Westling et al., 2008) , with one exception (Ge et al., 2006) , whose discrepant findings might be due to the restricted range of puberty levels in the sample.
Pubertal Timing and Tempo
Although there is much literature linking early pubertal development to substance use, most of the studies assessed pubertal development at only one time point. However, such an approach does not provide an account of individual variability in the rate of pubertal development. This variability may also be relevant to the development of substance use during adolescence. Pubertal development is often indexed using a categorical system devised by Tanner (1969, 1970) . Marshall and Tanner categorized secondary sexual changes occurring during puberty (e.g., facial and body hair and genital development in boys) into five stages of pubertal development ranging from prepubertal (no signs of maturation, stage 1) to postpubertal (full level of maturation, stage 5; Marshall & Tanner, 1969 , 1970 . Although all youth go through puberty, considerable variability in their onset of puberty and progression through these stages can be observed. In the literature, the age at which a certain stage of pubertal development is reached, or, still, the pubertal stage-status reached at a given age, is generally referred to as pubertal timing, whereas the rate across time taken to pass through the various stages of maturation is generally referred to as pubertal tempo (Marshall & Tanner, 1969 , 1970 . The relevance of both pubertal timing and tempo to developmental psychopathology may be illustrated by studies of depression. First, Mendle et al. (2010) used latent-growth curve models to examine how pubertal timing and tempo were associated with depressive symptoms. They were the first to include puberty measures at four time points, enabling the assessment of pubertal tempo in a reliable way. Mendle et al. (2010) showed that while pubertal timing, but not tempo, was significantly associated with depressive symptoms in girls across ages 8 to 13 years, both pubertal timing and tempo were important predictors for the development of these symptoms in boys across ages 8 to 14 years. These findings highlight the importance of considering multiple sources of individual variability in pubertal development.
Although the literature linking substance use and externalizing problems to pubertal timing in adolescence, reviewed above, is extensive, much less is known about the link with pubertal tempo. One recent study by Marceau, Ram, Houts, Grimm, and Susman (2011) modeled pubertal timing and tempo in boys and girls and examined their associations with a range of problems, including externalizing problems in adolescence. They showed that while pubertal tempo was an important correlate of externalizing problems in 15-year-old girls, this association was less consistent in 15-year-old boys (Marceau et al., 2011) . In the specific case for substance use, to our knowledge, only one study has previously assessed puberty at more than one time point. Dick, Rose, Pulkkinen, and Kaprio (2001) assessed puberty at both 12 and 14 years of age, which allowed them to measure change or stability in pubertal scores across these ages. They showed that prevalence rates of alcohol use and smoking at 14 years were higher in individuals whose pubertal development remained consistently advanced, at both 12 and 14 years, compared with same-aged peers who exhibited advanced maturation at only one of these time points. Although two assessments of puberty cannot provide a reliable estimate of pubertal tempo and significance of the difference across pubertal development groups was not tested, these findings provide preliminary evidence that both pubertal timing and change (and potentially tempo) may be important predictors of substance use behaviors.
Although both early pubertal timing and fast tempo have been associated with environmental stress, recent work has shown that pubertal tempo has unique contextual and biological antecedents that are distinct from those of pubertal timing (e.g., Ellis, Shirtcliff, Boyce, Deardorff, & Essex, 2011) . For example, whereas pubertal This document is copyrighted by the American Psychological Association or one of its allied publishers.
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timing has been shown to be influenced by genes, environmental toxins, nutrition, prepubertal fat, and body weight (Belsky et al., 2007) , faster pubertal tempo in early adolescence has been related to adverse family factors (e.g., low-quality parent-child relationship) and lower cortisol activation (Ellis, 2004; Ellis et al., 2011) . This suggests that the mechanisms linking pubertal tempo with psychopathology may be different than those linking pubertal timing with psychopathology.
This has yet to be tested in the context of substance use research. However, determining first if pubertal tempo is uniquely associated with substance use in adolescence, independently from effects of pubertal timing, would provide necessary initial evidence that both are important correlates of substance use problems and that different biological and psychosocial mechanisms may be involved in how they confer risk for substance use problems.
Models Linking Pubertal Timing and Tempo to Psychopathology
Although there is some evidence that early pubertal timing and possibly fast tempo are associated with substance use, the mechanisms that may explain these associations are less well understood. We note two theoretical accounts relevant to this question: One related to timing, the other to tempo. The maturation disparity hypothesis relates to timing and posits that earlier maturing children are forced to face a range of new challenges and stressors with fewer resources than peers who reach the same maturational stage at a later chronological age (Ge, Conger, & Elder, 2001; Ge, Jin, & Natsuaki, 2009; Petersen & Crockett, 1985) . Such challenges and stressors may be hormone-related emotional liability, shifting peer and family relationships, and new parental and societal expectations.
The maturation compression hypothesis proposed by Mendle et al. (2010) in their study of depression provides a possible explanation as to why fast pubertal tempo may be associated with emotional and behavioral problems. This model follows a similar logic to the maturation disparity hypothesis and states that a faster developmental tempo may reduce the time a child has to (a) complete important developmental tasks characteristic of the preadolescent period, and (b) understand and adapt to the new biological and social challenges that come with puberty. Furthermore, children who experience a faster progression through puberty may attract unwanted attention from peers and adults. The generalizability of this model to substance use is unknown.
The primary objective of this study was to examine whether pubertal timing, as measured by the status reached in preadolescence, and pubertal tempo were independently associated with substance use and problems in adolescent boys and in doing so to test both the maturation disparity and compression hypotheses in the prediction of adolescent substance use problems.
Personality and the Link Between Pubertal Development and Substance Use
A secondary question is whether personality characteristics may explain the link between pubertal development and substance use (Patton et al., 2004) . Personality characteristics, such as sensation seeking and poor impulse control have been prospectively implicated in the later development of substance misuse (e.g., Conrod, Castellanos-Ryan, & Strang, 2010; Crawford, Pentz, Chou, Li, & Dwyer, 2003; Masse & Tremblay, 1997) , showing that the higher the sensation seeking and lower the impulse control in childhood and early adolescence, the higher the substance use problems later during adolescence.
Beyond possible direct associations with substance use, the link between sensation seeking and pubertal development, even after controlling for chronological age is supported by a number of human studies (Canals, Vigil-Colet, Chico, & Marti-Henneberg, 2005; Martin et al., 2002; Steinberg et al., 2008) . Animal studies also indicate that increases in reward seeking coincide with the onset of pubertal development (e.g., Spear, 2000) . Although sensation seeking has been identified theoretically as an important factor that may explain the association between puberty and increased risk-taking behaviors, only one study that we know of has shown a significant indirect effect from puberty to increased risky or problem behaviors through sensation seeking. That study showed that sensation seeking and other disinhibited traits, such as positive and negative urgency, were associated with early pubertal timing (pubertal status at 11 years; Gunn & Smith, 2010) . Furthermore, significant indirect paths from pubertal status at 11 years to drinking behaviors were found through disinhibited traits and positively reinforcing alcohol expectancies (e.g., the expectancy that alcohol makes people friendly, social, or wild; Gunn & Smith, 2010) . However, although these findings are consistent with the hypothesis proposing that sensation seeking may explain the link between pubertal timing and substance use, they do not provide definite support for it because of the cross-sectional nature of the data. A test of this hypothesis is further challenging because some studies have shown that drinking and substance use in early adulthood were associated with concurrent and later changes in sensation seeking and impulsivity (e.g., Littlefield, Verges, Wood, & Sher, 2012; Littlefield, Wood, & Sher, 2009; Quinn, Stappenbeck, & Fromme, 2011) , suggesting that the association between personality and substance use may actually be bidirectional. Therefore, a stronger test of the theory requires longitudinal data in which pubertal staging and personality are measured before substance use has become frequent in youth.
Although sensation seeking and poor impulse control are both considered disinhibited traits and, thus, are related, a number of studies have shown that impulsivity and sensation seeking are distinct traits that can be measured independently from each other (e.g., Whiteside & Lynam, 2001 ). Furthermore, they have been shown to have different genetic, neurobiological, cognitive, and motivational correlates (e.g., Belin, Mar, Dalley, Robbins, & Everitt, 2008; Castellanos-Ryan & Conrod, 2012; Finn, Sharkansky, Brandt, & Turcotte, 2000; Mustanski, Viken, Kaprio, & Rose, 2003) and follow distinct developmental courses (Harden & Tucker-Drob, 2011) . More important to note, in contrast to sensation seeking, the development of impulse control has been shown to be independent of pubertal development see also Paus, 2005 , for a review). This would suggest that impulse control, contrary to sensation seeking, could not explain or mediate the link between pubertal timing and possibly tempo and risky or problem behaviors. Indeed Steinberg (2007 Steinberg ( , 2008 and Steinberg et al. (2008) described the dual-systems model, which suggests that heightened risky behaviors observed in adolescence, including substance use, are the product of a relatively higher puberty-driven inclination to seek out sensations and excitement and a relatively This document is copyrighted by the American Psychological Association or one of its allied publishers.
immature ability to control impulses. The fact that impulse control typically develops slowly through adolescence and only reaches full maturity in early adulthood (Luna, Padmanabhan, & O'Hearn, 2010; Steinberg, 2010) suggests that early pubertal onset or faster pubertal tempo outpaces the capacity of the still immature impulse-control system to regulate puberty-driven sensation seeking. This hypothetical process results in a higher vulnerability to risk-taking and problem behaviors. Thus, individuals' predisposition to poor impulse control may enhance the effect of pubertal timing and tempo on substance use, identifying this trait as a moderator rather than a mediator. Therefore a secondary objective of this study was to examine the role of sensation seeking and poor impulse control in the puberty-substance use link. Specifically, we wanted to examine whether sensation seeking partly explained the link between pubertal status reached in preadolescence and substance use problems and whether the association between pubertal status reached in preadolescence, fast pubertal tempo, and high sensation seeking in pre-and early adolescence and substance use behaviors in mid to late adolescence were exacerbated by poor impulse control.
The Current Study
In sum, this study has two objectives. First, as previously stated, it aims to clarify the roles of pubertal status (operationalized here as the level of pubertal development attained by the age of 12 years) and tempo (operationalized as rate of change in pubertal development across 11-13 years) in the development of substance use in adolescent boys. Four substance use outcomes were investigated across adolescence: two frequency measures assessed across 15 to 16 years (i.e., frequency of alcohol use and marijuana use), one tapping drug use experimentation (or diversity) across 15 to 16 years (e.g., no. of different drugs tried), and another tapping substance use problems assessed across 15 to 16 years. The use of these different longitudinal measures allowed testing whether pubertal development was differentially associated with distinct dimensions of adolescent substance use (Oliva, Keyes, Iacono, & McGue, 2012; Shedler & Block, 1990) . In this way, this study will examine for the first time whether pubertal status at age 12 and tempo are both independently associated with substance use and problems in adolescence. In doing so, this study will be the first to test whether the maturation compression hypothesis can be supported in the prediction of adolescent substance use and problems in boys. This first objective will be met to the extent that we also establish whether the link between pubertal development and substance use is independent of other developmental factors and demographic variables, such as early substance use history, childhood disruptive behaviors, and socioeconomic factors, shown to be important risk factors for future substance use problems (Grant & Dawson, 1998; Lillehoj, Trudeau, Spoth, & Madon, 2005; Masse & Tremblay, 1997) .
As our secondary objective, this study also aims to clarify the role of two personality traits in the puberty-substance use link. That is, this study aims to test whether sensation seeking is associated with pubertal development and can partly explain the link between early pubertal maturation and substance use, and whether poor impulse control exacerbates that link. Although some evidence for both mediation and moderation models exists, no prospective studies have tested the association between these factors in the development of substance use and problems in adolescence.
Within this context, the primary and secondary hypotheses of the current study are the following:
Hypothesis 1: More advanced pubertal status and fast pubertal tempo will predict higher substance use in mid to late adolescence, independent of previous substance use history, childhood disruptive behaviors, and socioeconomic factors.
Hypothesis 2a: Sensation seeking will explain (mediate) the prospective association between pubertal status and substance use.
Hypothesis 2b: Poor impulse control will moderate the association pubertal status and tempo, as well as their potential putative mediator, that is, sensation seeking, have with substance use in mid to late adolescence.
Method

Participants and Procedure
The 871 boys who participated in this study were a subsample of an ongoing longitudinal study entitled the Montreal Longitudinal and Experimental Study of Low SES boys. One thousand thirty-seven French-speaking Caucasian boys were originally recruited in 1984, when they were 6 years old (SD ϭ 0.31), from kindergartens in low socioeconomic neighborhoods of Montreal, Quebec, Canada. (For further information on recruitment and selection criteria, please see Vitaro, Brendgen, & Tremblay, 1999; Séguin, Pihl, Harden, Tremblay, & Boulerice, 1995; and Tremblay, Pihl, Vitaro, & Dobkin, 1994 .) Ethnicity and socioeconomic status (SES) were homogeneous as a result of the selection procedure. At their first assessment in kindergarten, 67% of the boys lived with both parents, whereas 24% lived with their mothers only. The mean number of school years completed by the parents was 10.5 (SD ϭ 2.8) for the mothers and 10.7 (SD ϭ 3.2) for the fathers. The mean age of parents at birth of their first child was 25.4 years (SD ϭ 4.8) for mothers and 28.4 years (SD ϭ 5.6) for fathers.
Boys were assessed annually from ages 10 to 17 years by self-report questionnaires. The 871 boys included in this study are those for whom substance use, puberty data, or both, were collected at least once during the yearly assessments: for substance use at ages 15 to 17 years and for puberty at ages 11 to 13 years. These 871 boys are considered representative of the overall sample as they did not differ from the remaining, unselected boys on demographic variables (maternal age at birth, maternal education, and family structure, all at p Ͼ .28; data was available for all 166 remaining boys), on whether they had used alcohol or marijuana by the age of 10 years (p ϭ .25; available for 134 unselected boys), or on puberty scores at 11 years (p ϭ .76; available only for 45 unselected boys).
Measures
All measures were administered in French. Instruments that were only available in English were translated into French and back-translated into English. The back-translations were evaluated This document is copyrighted by the American Psychological Association or one of its allied publishers.
and compared with the original versions of the questionnaires to verify that the original meaning was maintained.
Measures in mid to late adolescence (outcomes).
Four substance use outcomes were assessed: alcohol use frequency, marijuana use frequency, number of drugs tried, and substance use problems. Both alcohol and marijuana use frequency were assessed annually with the Self-Reported Delinquency Questionnaire (SRDQ; LeBlanc & Fréchette, 1989) at ages 15 and 16 years. This 25-item questionnaire includes three substance use items (alcohol use, marijuana use and drunkenness frequency), which are rated on a 4-point scale (never, once or twice, often, and very often). For this study, alcohol use and drunkenness were averaged at each year to create a composite alcohol use frequency score (␣s ϭ .82 at 15 years and .81 at 16 years). Also, at 15 and 16 years of age, boys were also asked to report whether they used any of the following substances over the last 12-month period: alcohol, marijuana, amphetamines, cocaine, psychedelics, barbiturates, tranquilizers, heroine, inhalants, and other drugs. At each year, these dichotomous items were summed to create a "number of drugs tried" score. Each of these outcomes assessed at 15 to 16 years were averaged to create composite scores at 15-16 years of alcohol frequency (test-retest ϭ .74), marijuana use frequency (test-retest ϭ .79), and number of drugs tried (test-retest ϭ .54). Finally, substance use problems were assessed at 15 and 16 years by using the Personal Experience Screening Questionnaire (PESQ; Winters, 1992) . This self-report measure was specifically designed for assessing substance use problems in adolescents. This questionnaire includes 18 items that measure the frequency of problems related to alcohol and drug use (e.g., used alcohol or other drugs when at school; made excuses to teachers about your alcohol or drug use) on a 4-point scale (never, once or twice, sometimes, and often). This measure has demonstrated good internal consistency and discriminant validity across a number of samples (Winters, 1992) . In this sample, the alpha coefficient for this measure was .92 at 16 years.
Measures in early adolescence (putative mediators or moderators). Sensation seeking and poor impulse control were assessed through self-reports at ages 13 and 14, using a French translation of the Eysenck Impulsiveness-VenturesomenessEmpathy scale (IVE 7 , Eysenck, Easting, & Pearson, 1984; Eysenck & Eysenck, 1978) . For this study, only five items for each subscale were used, that is, those that had the highest factor loadings in the original scales (Eysenck & Eysenck, 1978; Eysenck et al., 1984) : Impulsiveness: "Do you generally do and say things without stopping to think?" "Do you often get into trouble because you do things without thinking?" "Are you an impulsive person?" Do you usually think carefully before doing anything?" and "Do you mostly speak before thinking things through?" (Cronbach's ␣ ϭ .72 at 13 years and .71 at 14 years; interitem correlation ϭ .33 at 13 years and .32 at 14 years); and Venturesomeness (considered to be sensation seeking in this article): "Do you quite enjoy taking risks?" "Would you like to water ski?" "Would you like to skydive?" "Would you like to scuba-dive?" "Do you find it difficult to understand people who risk their lives climbing mountains?" (Cronbach's ␣ ϭ .61 at 13 and .69 at 14 years; interitem correlation ϭ .24 at 13 years and .29 at 14 years). To improve reliability of these self-report measures, subscales assessed at 13 and 14 years were averaged to create composite scores across 13-14 years of sensation seeking (test-retest ϭ .67; Cronbach's ␣, 10 items ϭ .72) and poor impulse-control (test-retest ϭ .67; Cronbach's ␣, 10 items ϭ .79).
In early adolescence, substance use frequency averaged across 13 and 14 years was also assessed. For this, a composite of alcohol use frequency and marijuana use frequency, assessed with the SRDQ (LeBlanc & Fréchette, 1989) annually at ages 13 and 14 years, was used. Individual measures of alcohol and marijuana use were not used because, although alcohol use frequency at 13-14 years was normally distributed (skew ϭ 0.69, kurtosis ϭ 0.16), marijuana use frequency at ages 13-14 years (skew ϭ 4.05, kurtosis ϭ 18.31) was not. In order to include some information on drug use behavior, the composite alcohol and marijuana use frequency measure (Cronbach's ␣, four items ϭ .71) was favored. Although not normally distributed (skew ϭ 1.70, kurtosis ϭ 3.90), this composite variable possessed acceptable levels of skewness and kurtosis for the use of maximum likelihood estimation (i.e., below 2 and 7, respectively; Curran, West, & Finch, 1996) .
Measures in preadolescence. Pubertal development was assessed using the Pubertal Development Scale (Petersen, Crockett, Richards, & Boxer, 1988; Verlaan, Cantin, & Boivin, 2001 ) answered yearly by participants at ages 11-13. This three-item measure required boys to assess the status of their growth spurt, body and facial hair development, skin and voice changes, based on an ordinal scale: 1 (no development), 2 (beginning development), 3 (additional development), and 4 (development has already past). Scores were combined to create a puberty raw score at each time point. The reliability and validity of this measure has been previously assessed by Petersen et al. (1988) and others (Arim, Shapka, Dahinten, & Willms, 2007; Bond et al., 2006; Schmitz et al., 2004) , showing that this scale is reliable and valid for both girls and boys. Although puberty scores were used in all analyses, Table  1 shows how these scores relate to Tanner stages (i.e., the range of scores that fall within each stage; based on Petersen et al., 1988) and the prevalence of each Tanner stage at each time point in this sample, showing that 99% boys had initiated puberty by age 13, but none had completed pubertal development. Table 2 shows means and standard deviations of puberty scores.
Early substance use history. Any substance use by the age of 12 was assessed with a dichotomous variable identifying those adolescents who reported any alcohol, marijuana, or any other drug use by the age of 12 years, with 33% of boys in this sample reporting having tried a substance at least once by the age of 12. A dichotomous variable was used in preadolescence because of the low variability and high skewness of continuous substance use measures at this developmental period (data available for these boys from ages 10 -12 years). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Early personality scores. A preadolescent proxy for sensation seeking was computed using items from the Jesness inventory (Jesness, 1983) at 10 and 11 years of age to assess whether pubertal development was associated with change in sensation seeking across early adolescence (i.e., once preadolescent sensation seeking was controlled for). Three items were identified that reflected sensation-seeking tendencies: "Some day I would like to drive a race car," "It would be interesting to work in a carnival," and "At night when I have nothing to do I like to go out and find a little excitement." A composite score was created by summing these three items at 10 and 11 years (test-retest ϭ .63; Cronbach's ␣ ϭ .61, 6 items; interitem correlation ϭ .21). Preadolescent poor impulse control was assessed at 12 years of age using items from the Social Behavior Questionnaire (Tremblay et al., 1991) . Teachers were asked on a 3-point scale (never to often) whether the child (a) is restless, runs about, jumps up and down; (b) is squirmy or fidgety; (c) jumps from one activity to another; (d) is irritable and loses his temper easily; (e) attracts attention by shouting; (f) has trouble sitting still; (g) acts without thinking. Reliability was good for these items (␣ ϭ .89; interitem correlation ϭ .41).
Measures in childhood (covariates). Sociodemographic information and childhood disruptive behaviors were entered as covariates, to control for some of the effects these variables can have in shaping future substance use problems (Lillehoj, Trudeau, Spoth, & Madon, 2005; Masse & Tremblay, 1997) .
Boys' childhood disruptive behavior was assessed using the teacher-rated Social Behavior Questionnaire (Tremblay et al., 1991) , which included items on child's aggression (three items), oppositional behavior (five items), and hyperactivity (two items) in kindergarten (at age 6; ␣ ϭ .93). When boys were 6 years of age, mothers were asked to complete sociodemographic information, which included questions on parents' education level and their age when their first child was born. See Table 2 for correlations and descriptive statistics of all variables (including skewness and kurtosis).
Analysis
To test the assumption that both pubertal status and tempo can be modeled in boys, as well as the study's hypotheses, four models or stages of analyses were conducted. First, a latent-growth curve model (LGCM) based on the modeling strategy used by Mendle et al. (2010) to examine pubertal status and tempo was conducted to examine pubertal development. One of the benefits of analyzing longitudinal data with LGCM is that it allows examining intraindividual change and interindividual differences in change across time (McArdle & Nesselroade, 2002) . Once change in puberty was modeled, the LGCM for puberty was combined with substance use outcomes and covariates, as well as early substance use history (by age 12), into one multivariate model to test the relationship between pubertal development and substance use. This was followed by mediation analyses, in which indirect effects from potential mediators (sensation seeking, poor impulse control, and substance use frequency in early adolescence) were tested. Significance of indirect effects was tested using the product of coefficients method (sometimes referred to as the Delta method) recommended by MacKinnon et al. (MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002; MacKinnon, Lockwood, & Williams, 2004) . The product of coefficients of paths implicated in an indirect effect (e.g., pubertal status to sensation seeking [path a] and sensation seeking to substance use slope [path b]) are labeled "ab" in the text. The Sobel test was used to compute the standard errors of indirect effects. Finally, to test for moderation, interaction terms were created using model constraint in Mplus 5.21 (Muthén & Muthén, 1998 , which allows the creation of interaction terms between latent and observed variables and their inclusion in This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. models testing indirect effects (Lau & Cheung, 2012) . Interaction terms were created between impulse control and pubertal status, pubertal tempo, and sensation seeking, in the prediction of all substance use outcomes in mid to late adolescence. The method and results using "model constraint" to create the interactions are equivalent to the latent moderated structural equations (LMS) approach developed by Klein and Moosbrugger (2000) . All analyses were carried out using Mplus version 5.21 (Muthén & Muthén, 1998 . Maximum likelihood with robust standard errors (MLR) estimation was used in all analyses. MLR estimation differs from standard ML in the approach it uses to estimate standard errors. Although ML uses the second-order derivatives of the observed log-likelihood to estimate standard errors and depends on the assumption of normality, MLR is a sandwich estimator that uses both the first-order approximation of the asymptotic covariance matrix and the second-order derivatives of the observed log-likelihood to produce the correct asymptotic covariance matrix of the estimates that are not dependent on the assumption of normality (Kaplan, Kim, & Kim, 2009 ). Thus, compared with ML, MLR has been shown to perform better when modeling low prevalent behaviors or nonnormal data (Asparouhov & Muthén, 2005) . Full information maximum likelihood (FIML) was used to account for missing data.
Tests of goodness of fit included the comparative fit index (CFI; Bentler, 1990) , Tucker-Lewis index (TLI), root-mean-square error of approximation (RMSEA; Browne & Cudeck, 1993) , and standardized root-mean residual (SRMR). Finally, The BenjaminiHochberg procedure (Thissen, Steinberg, & Kuang, 2002 ) was used to correct for multiple testing in all analyses.
Results
Verifying Model Assumptions: Is There Significant Variability in Pubertal Status and Pubertal Tempo in Boys Across 11 and 13 Years?
First, to establish whether the boys in this sample demonstrated significant individual differences in change in pubertal development (pubertal status and tempo), a linear LGCM was conducted with pubertal scores from ages 11-13, and centered at 11 years. In this model, residual variances were constrained to be equal across time, with all other parameters in the model freely estimated. This model did not fit the data well, 2 (3, N ϭ 871) ϭ 42.14; CFI ϭ 0.96; TLI ϭ 0.96; RMSEA ϭ .12; SRMR ϭ .14, with modification indices indicating that model fit would substantially improve if the residual variance for the puberty score at 12 years was allowed to be freely estimated. Once the constraint on this residual variance was freed (while puberty scores at 11 and 13 years were still constrained to be equal), the linear latent growth curve model fit the data well according to all fit criteria, 2 (2, N ϭ 871) ϭ 1.00; CFI ϭ 1.00; TLI ϭ 1.00; RMSEA ϭ .00; SRMR ϭ .01 (see Figure  1) . This model explained 65% of the variance in pubertal scores at 12 years (R 2 ϭ .65), and most of the variance in pubertal scores at 11 and 13 years (R 2 ϭ .98 for both; all at p Ͻ .001). Growth curve factor means (i.e., intercept ϭ 4.75; slope ϭ 0.97) were all significantly different from zero at p Ͻ .001 and showed that there was an overall tendency for puberty to increase from 11 to 13 years of age. It is more important to note that the growth curve factor variances were also significant at p Ͻ .001 (i.e., intercept ϭ 1.95; slope ϭ 0.66), indicating that there was significant individual variability in the intercept and pattern of puberty change over time. The intercorrelation between these latent factors was high (r ϭ Ϫ.50, p Ͻ .001), suggesting that the more developed or higher the pubertal score at 11 years, the lower the increase in pubertal scores across time (most likely due to ceiling effects). As these two latent factors were going to be entered as the main predictors in subsequent models, the high intercorrelation was of concern due to the potential of multicollinearity among these factors, which could affect the interpretability of findings. Thus, the intercept was recentered at the middle point (12 years), which reduced the intercorrelation between these factors (r ϭ .08, p ϭ .045). When centering the intercept of a linear growth curve at different time points, the model fit, mean and variance of the slope, and residual variances remain unchanged. Besides the intercorrelation between latent factors, the only other parameters that changed in the model were the mean and variance of the intercept, to reflect scores at the time point used to center the model (i.e., 12 years: M ϭ 5.72, variance ϭ 1.52, both at p Ͻ .001).
In these analyses, the latent intercept factor represents pubertal status, that is, higher scores on this variable represent greater maturation or higher pubertal scores at 12 years. The latent linear factor represents pubertal tempo, that is, high scores on this variable represent faster progress across pubertal stages (regardless of pubertal score reached by the age of 12 years). Inversely, lower scores on the slope represent slower progression through pubertal stages. It is important to note that lower scores could reflect slower progression either because boys had not begun puberty or because they had completed puberty. However, no boy in the current sample had completed pubertal development (stage 5), only 1% of the sample were prepubertal by age 13 (see Table 1 ), and only 47 boys (5% of the sample) showed no increases in pubertal scores from 11 to 13 years. Although these 47 boys would obviously score low on the slope, for the most part low scores on the slope represent the slow progression through stages one to four of pubertal development.
In summary, results showed that in this sample of boys there was significant variability in both the level of pubertal score in preadolescence (equivalent to the intercept), conceptualized here as pubertal status, and in change in pubertal scores across time (slope), conceptualized here as pubertal tempo. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Testing Hypothesis 1: Do Status and Tempo of Puberty Predict Substance Use in Mid to Late Adolescence?
The univariate growth model for puberty, described above, was included in a model with the substance use outcomes (alcohol frequency, marijuana frequency, and no. of drugs tried and substance use problems at 15-16 years), to test the relationship between pubertal status at age 12 and pubertal tempo and substance use across adolescence, controlling for childhood disruptiveness, demographic variables (age of mother at the birth of her first child and mother's education) and preadolescent substance use history (by age 12). Thus, regression paths from the intercept and linear slope latent factors for puberty to these self-reported substance use variables were included in this model. This model fit the data well, 2 (19, N ϭ 871) ϭ 29.87; CFI ϭ 1.00; TLI ϭ .99; RMSEA ϭ .03; SRMR ϭ .02. Covariates and variables assessed within the same developmental period (e.g., preadolescence and mid-late adolescence) were allowed to covary. In this model, any substance use history by the age of 12 significantly correlated with pubertal status at age 12 (r ϭ .14, p Ͻ .001) but not pubertal tempo (r ϭ Ϫ.03, p ϭ .46).
Testing Hypothesis 2a: Does Sensation-Seeking Explain the Association Between Pubertal Status and Substance Use in Mid to Late Adolescence?
Potential indirect effects from pubertal development to substance use in mid to late adolescence through personality characteristics were examined by including adolescent self-reported personality into the previously described model. A measure of substance use in early adolescence (i.e., substance use frequency at 13-14 years) was also entered into the model, along with personality characteristics, for two reasons: (a) to test whether personality characteristics in early adolescence predicted substance use later in adolescence even after accounting for substance use in early adolescence; and (b) to test whether the effects pubertal status at age 12 and pubertal tempo had on substance use in mid to late adolescence could be explained by more proximal effects on substance use in early adolescence. Thus, regression paths leading from puberty status at age 12 and pubertal tempo to self-reported sensation seeking, poor impulse control and substance use frequency at 13-14 years, and from these measures to substance use outcomes, were included in the model. Also, in an attempt to control for early, preadolescent sensation seeking and poor impulse-control tendencies, self-reported sensation seeking as measured by items from the Jesness inventory (averaged across ages 10 and 11 years) and teacher-reported poor impulse control (at 12 years) were included in the model. See Figure 2 for all variables included in this model by developmental stage (preadolescence, early adolescence, mid-late adolescence). This Main effects. Results showed that substance use frequency in early adolescence strongly predicted all substance use outcomes in mid to late adolescence (␤s ranged between .41 and .49). Even after controlling for these strong effects and correcting for multiple testing, early adolescent self-reported poor impulse control and sensation seeking at 13-14 years significantly predicted a higher number of drugs tried and substance use problems in mid-late adolescence, and more frequent alcohol use at 15-16 years (see Table 3 , Model II). Poor impulse control, but not sensation seeking, at 13-14 years predicted more frequent marijuana use at 15-16 years. Results also showed that, after taking into account early adolescent personality and substance use measures, pubertal status at age 12 only predicted mid to late adolescence alcohol use frequency and substance use problems. In contrast, the effect of pubertal tempo on marijuana use frequency, number of drugs tried, and substance use problems in mid to late adolescence at 15-16 years was unchanged with the inclusion of early adolescent variables. Furthermore, pubertal status at age 12 was significantly associated with sensation seeking at 13-14 years (␤ ϭ .10, p Ͻ .05), even after controlling for the significant preadolescent effects that sensation seeking at 10 -11 years (Jesness, ␤ ϭ .18, p Ͻ .001) and early substance use history (by age 12, ␤ ϭ .12, p Ͻ .001) had on early adolescent sensation seeking at 13-14 years (teacher-rated impulse-control at age 12 did not significantly predict sensation seeking at ages 13-14 years, ␤ ϭ .05, p ϭ .15). In this model, pubertal status at age 12 also significantly predicted substance use Figure 2 . All variables included in the final mediation model (Model II), with significant direct paths from pubertal development to substance use outcomes in mid-late adolescence, as well as indirect paths through early adolescent variables, highlighted. Other significant direct effects across time are shown with broken arrows without coefficients. IMP ϭ poor impulse control; SS ϭ sensation seeking; SU ϭ substance use; Pub dev ϭ pubertal development based on puberty scores. Other significant longitudinal paths (shown with broken arrows in figure) were: Any substance use by 12 years was associated with SU frequency at 13-14 (␤ ϭ .40, p Ͻ .001), SS at 13-14 (␤ ϭ .12, p Ͻ .001), and IMP at 13-14 (␤ ϭ .13, p Ͻ .001); Sensation-seeking proxy at 10 -11 years (Jesness) was significantly associated with sensation seeking at 13-14 (␤ ϭ .18, p Ͻ .001); Teacher-rated impulsivity at 12 years was significantly associated with IMP at 13-14 (␤ ϭ .16, p Ͻ .001) and SU frequency at 13-14 (␤ ϭ .10, p Ͻ .01); IMP at 13-14 years was significantly associated with alcohol use frequency at 15-16 (␤ ϭ .07, p Ͻ .05), marijuana use frequency at 15-16 (␤ ϭ .09, p Ͻ .05), drugs tried at 15-16 (␤ ϭ .11, p Ͻ .01), and SU problems at 15-16 (␤ ϭ .12, p Ͻ .01). Although only significant paths and correlations are shown, covariates were regressed on mid to late adolescent variables, and all variables assessed within the same developmental period were allowed to covary. All paths and covariances modeled are shown in Table S1 in the online Supplementary materials. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
frequency in early adolescence at ages 13-14 years (␤ ϭ .15, p Ͻ .001) but not poor impulse control (␤ ϭ .01, p ϭ .80), ruling out poor impulse control as a putative mediator of pubertal status at age 12. Pubertal tempo did not predict any of the key variables in early adolescence: sensation seeking (␤ ϭ Ϫ.03, p ϭ .36), poor impulse control (␤ ϭ Ϫ.01, p ϭ .67), or substance use frequency (␤ ϭ .03, p ϭ .47), ruling them all out as putative mediators of pubertal tempo. See Figure 2 for other significant associations between variables across developmental stages (e.g., preadolescence and early adolescence). Of note are findings showing that preadolescent substance use history by age 12 predicted higher sensation seeking and lower impulse control in early adolescence, and that personality measures in preadolescence and early adolescence predicted higher substance use measures at later time points, suggesting that the effects of substance use and personality are bidirectional or reciprocal across time.
Indirect effects. Figure 2 shows that significant indirect effects through substance use frequency in early adolescence at 13-14 years were found between pubertal status at age 12 and all substance use outcomes in mid to late adolescence: alcohol use frequency (unstandardized ab ϭ .051, SE ϭ 0.012, p Ͻ .001; standardized ab ϭ .071), marijuana use frequency (unstandardized ab ϭ .046, SE ϭ 0.012, p Ͻ .001; standardized ab ϭ .060), number of drugs tried (unstandardized ab ϭ .061, SE ϭ 0.015, p Ͻ .001; standardized ab ϭ .062), and substance use problems (unstandardized ab ϭ .888, SE ϭ 0.222, p Ͻ .001; standardized ab ϭ .067). Closer to our hypothesis, we found significant indirect effects through sensation seeking in early adolescence between pubertal status at age 12 and alcohol use frequency (unstandardized ab ϭ .009, SE ϭ 0.004, p Ͻ .05; standardized ab ϭ .013), number of drugs tried (unstandardized ab ϭ .008, SE ϭ 0.003, p Ͻ .05; standardized ab ϭ .008), and substance use problems (unstandardized ab ϭ .110, SE ϭ 0.054, p Ͻ .05; standardized ab ϭ .008). Table 3 (Model II) shows that a substantial proportion of the total effects from pubertal status at age 12 to alcohol use frequency (56%), marijuana frequency (64%), number of drugs tried (62%) and substance use problems (50%) were mediated by substance use and sensation seeking in early adolescence. Of the mediated effects from pubertal status at age 12 to alcohol use frequency, number of drugs tried, and to substance use problems, the indirect effects through sensation seeking accounted, respectively, for 14%, 11%, and 18% of the mediated effect.
Testing Hypothesis 2b: Does Poor Impulse-Control Moderate the Association Between Pubertal Development, Sensation Seeking, and Substance Use During Adolescence?
Analyses were finally conducted to test whether self-reported poor impulse control at 13-14 years moderated the effects of pubertal development and sensation seeking on substance use behaviors in mid to late adolescence. To test this hypothesis, interaction terms were created between poor impulse control and pubertal status at age 12, pubertal tempo, and sensation seeking, in the prediction of all substance use outcomes. This model (Model III) fit the data marginally better than the previous model (model II, same model but with no interactions; log-likelihood ratio ϭ 20.12, ⌬df ϭ 12, p ϭ .064), suggesting the presence of a significant interaction. Table 3 (Model III) shows the effects (unstandardized coefficients) of these interactions on substance use outcomes in mid to late adolescence. Only the interaction between sensation seeking and poor impulse control in the prediction of marijuana use frequency was significant, showing that sensation seeking was associated with higher marijuana use only at low levels of impulse control (see Figure 3) .
Discussion
This study highlights that individual differences not only in pubertal status (i.e., level of pubertal development reached by the age of 12) but also in pubertal tempo (i.e., how quickly children progress through pubertal stages between 11 to 13 years) are important factors in the onset and increase in substance use in adolescent boys. Although there was already evidence that boys whose pubertal status was ahead of others also reported higher rates of substance use across adolescence, this longitudinal study extends these findings by showing the importance of pubertal status for the development of substance use problems in adolescence. This is important as adolescent substance use problems have been shown to be strongly associated with substance use disorders in adulthood (e.g., Rohde et al., 2001 ) and, thus, thought to be a clearer sign of clinical difficulties than adolescent substance use quantity or frequency. It also revealed the important role of pubertal tempo. More specifically, the faster boys progressed through puberty, the greater the marijuana use frequency, number of drugs tried and substance use problems. Although there had been earlier suggestions to examine how rate of change in puberty was related to substance use in early adolescence (Dick et al., 2001) , this study is the first to show specific association between pubertal tempo and substance use in adolescent boys.
These are important findings as very few studies on pubertal development are conducted in boys, and those that do, have yielded inconsistent findings. Our findings, together with those of Mendle et al. (2010) in their study of depression, provide support for the maturation compression hypothesis and suggest that a more This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
comprehensive account of pubertal maturation that moves beyond a simple consideration of timing or status is needed to understand its association with substance use and other psychopathology. In addition, findings showing that both pubertal status and tempo were associated with substance use problems in boys add to the growing literature indicating that the previous perspective suggesting that early or more advanced maturation in boys is generally associated with positive social, emotional, and behavioral outcomes is in need of revision (Ge et al., 2001 ). Moreover, this study clarifies the role of two related but distinct personality traits in the puberty-substance use link. The level of pubertal development reached by 12 years was significantly associated with sensation seeking but not with poor impulse control, which is consistent with previous findings (Martin et al., 2002; Steinberg et al., 2008) . Further, pubertal tempo was not associated with sensation seeking (or poor impulse control). Together these findings suggest that it is pubertal status, rather than the rate of progression across stages of puberty, which may be driving increases in sensation seeking in early adolescence. Thus, there would be at least two distinct developmental pathways by which pubertal maturation affects adolescent substance use: one characterized by differences in the level of pubertal maturation at a particular age (e.g., by age 12), which is indirectly associated with substance use partly through increases in sensation seeking and another characterized by fast pubertal tempo, which is independent from personality. These independent pathways support both the maturational disparity and maturational compression hypotheses, suggesting that being more mature than your peers in preadolescence as well as experiencing a fast progression through pubertal development both demand a quick adaptation to not only the biological but social milestones that characterize puberty.
In our study, the small effect sizes and the fact that sensation seeking only partially mediated the associations between pubertal status and alcohol use frequency, substance experimentation, and problems, suggests that other factors may be important in explaining these links. Potential social factors mediating these effects were clarified in a recent study by Mendle, Harden, Brooks-Gunn, and Graber (2012) , which suggests the possibility that the pathways from pubertal status and tempo to emotional and behavioral problems may be at least partly explained by social mechanisms such as peer relationships, at least for depression. Aside from poor peer relationships and affiliation with more deviant peers (e.g., Patton et al., 2004) , another factor identified in the literature that could potentially explain this link is the rise in adrenal and gonadal hormones during puberty, which have effects on other brain regions like the hypothalamus and sensory and association regions of the brain (e.g., Angold et al., 1999) . That said, the finding identifying sensation seeking as a factor that partially explained the link between pubertal status at 12 years and substance use in adolescence provides some indirect support for the dual-systems model. According to this model, risky behavior during puberty and early adolescence increases due to the relatively rapid development of the socioemotional brain system, which brings with it increased levels of dopaminergic activity, and leads, in turn, to increased sensation seeking during this period (Steinberg, 2008) .
The dual-systems model also posits that the cognitive control brain system, involved in impulse control and regulation, matures more gradually during adolescence relative to the rapid development of the socioemotional system. This maturational gap is hypothesized to lead to increased vulnerability to risk-taking behaviors, such as substance use. Thus, we had hypothesized that vulnerability to adolescent substance use would increase as a function of poor impulse control. Our findings are in agreement with this hypothesis insofar as we show that impulse control significantly moderated the association between sensation seeking and marijuana use frequency in mid to late adolescence. Specifically, higher sensation-seeking scores significantly predicted more frequent marijuana use only at low levels of impulse control. Thus, these results lend some support to the idea that the unique association between sensation seeking and frequent marijuana use in boys increases with poor impulse control. However, poor impulse control did not significantly moderate the link between sensation seeking and other substance use outcomes, or the link between substance use outcomes and pubertal status and tempo, as hypothesized. The fact that most of the effects reported in the current study are small in size gives rise to the possibility that the lack of other significant moderation results could stem from being underpowered.
Therefore the current findings provide support for the maturational disparity and compression hypotheses, but only partial and indirect support for the dual-systems model, and do not completely discount other models that attempt to explain the link between early pubertal development and risky behavior, behavioral problems, or both, during adolescence. For example, some authors have suggested that pubertal development may not be the "trigger" initiating adolescents in substance use, but rather that puberty may exacerbate previous individual differences in psychosocial functioning (Caspi & Moffitt, 1991) . Sometimes referred to as the "accentuation hypothesis," this model suggests that preexisting individual differences, such as poor impulse control, may make some adolescents vulnerable to negative behavioral outcomes during puberty, as the stress associated with the transition to adolescence makes individual differences more pronounced. Although not directly tested in this study, our findings do not rule out this model (which is still compatible with the maturational disparity and compression hypotheses, and dual-systems model). A fuller test of these relevant models would require sensation seeking and poor-impulse control, or other indices of the socioemotional and cognitive control systems, to be assessed and modeled longitudinally and interactively so that the joint trajectories of these two systems and consequently of the maturational gap can be more accurately examined. Relatedly, the main limitation to this study is the lack of longitudinal personality data, that is, the use of different measures for pre-and postpubertal sensation seeking and poor impulse control (e.g., although there is some overlap between items, the preadolescent measure of poor impulse control represents mostly hyperactive tendencies, whereas the adolescent measure of poor impulse control represents mostly lack of planning and urgency), as well as the inclusion of only two time points. We were, thus, unable to model the development of impulse control and sensation seeking across adolescence and test whether these traits increased, decreased, or remained stable during adolescence in this sample of boys. However, results showed that early maturation was significantly associated with the early adolescence (age 13-14) mean sensation-seeking score, suggesting that changes in sensation seeking over time reported in previous studies (e.g., Lynne-Landsman, Graber, Nichols, & Botvin, 2011; Zuckerman, 2007) may be associated with pubertal maturation, its biological and social correlates, or both. This document is copyrighted by the American Psychological Association or one of its allied publishers.
A second limitation is that specific correlates of pubertal tempo which have also been shown to predict substance use problems were not included in the models tested. One example could be adverse parent-child relationship. Not only has adverse parentchild relationship been associated with fast pubertal tempo in early adolescence (Ellis, 2004; Ellis et al., 2011) , but also with personality and substance use disorders in adulthood (Brook, Brook, Zhang. & Cohen, 2009) . Future studies should examine the role of adverse parent-child relationship in the link between pubertal tempo and substance use, and the potential reciprocal effects between pubertal tempo, parent-child relationship and substance use across development.
A third limitation is that all data presented in this study, except for childhood disruptiveness and poor impulse control at 12 years, were gathered through self-report, which is susceptible to bias and may limit the experimental validity of the data. This said, several studies have shown that self-reports are reliable when assessing personality (e.g., De Fruyt, Mervielde, Hoekstra, & Rolland, 2000) , as well as substance use or other behavioral problems in adolescence (Clark & Winters, 2002; Crowley, Mikulich, Ehlers, Whitmore, & MacDonald, 2001) , and hence are useful for clinical practice and research. This, together with guaranteed confidentiality to participants, should contribute to the reliability and validity of these data. Pubertal development was also self-reported, so the self-perception of pubertal development rather than actual pubertal development was assessed. However, the Pubertal Development Scale is widely used and has been shown to possess good reliability and validity in boys as well as girls (Arim et al., 2007; Bond et al., 2006; Petersen et al., 1988; Schmitz et al., 2004) .
A fourth limitation is that this study investigated pubertal development across 3 years, from 11 to 13 years of age. Although three time points across this age span are sufficient to capture linear pubertal tempo, they do not allow capturing quadratic growth (or the decreasing trend in growth experienced as pubertal development nears completion). Ideally, future studies should model pubertal development from middle childhood to mid to late adolescence to capture the full spectrum of pubertal development. Relatedly, most boys (79%) reported pubertal onset before the age of 11 years. Thus, these data do not capture and, thus, cannot be generalizable to very early maturing boys. It is more important to note that because of this, this study was unable to test the effects of the timing of pubertal onset and instead used the level or stage of pubertal development reached by the age of 12 years as a measure of pubertal status. It would be important for future research to test the effects of timing of pubertal onset and test whether the findings reported here can be replicated. Finally, the current sample was made up entirely of French-speaking boys of European American origin living in low SES neighborhoods in Montreal. Thus, replication of these findings in girls and more diverse populations are needed to establish the generalizability of these findings. Despite these limitations, the present findings provide support for considering not only pubertal status but also pubertal tempo when examining individual differences in pubertal maturation and their association with emotional and behavioral outcomes in boys. Although it is clear that risk taking is for the most part normative during adolescence, it is also clear that adolescents vary in their maturation and in their impulse-control and sensation seeking, all of which are associated with increased levels of substance use and problems and possibly risky behaviors in general.
The current findings have implications for the refinement of evidence-based clinical intervention and prevention approaches. Selective approaches targeting pubertal and personality liability factors in childhood or early adolescence rather than the behavior or problems later in adolescence, have shown very promising results. For example, one approach that targets disruptive behaviors and impulse control in childhood has been shown to have long-term effects on adolescent substance use (e.g., CastellanosRyan, Séguin, Vitaro, Parent & Tremblay (accepted) ; CastellanosRyan, O'Leary-Barrett, & Conrod, 2013; Stormshak et al., 2011; van Lier, Huizink, & Crijnen, 2009; Zonnevylle-Bender, Matthys, van de Wiel, & Lochman, 2007) . A second promising selective approach is a personality-based model targeting four personality risk factors for early onset drinking or illicit drug use in early adolescence, including impulse control and sensation seeking. This school-based program has now been shown to prevent adolescent alcohol and substance misuse in three separate trials across Canada (Conrod, Stewart, Comeau, & Maclean, 2006) and the United Kingdom (Conrod, Castellanos, & Mackie, 2008; Conrod, Castellanos-Ryan, & Mackie, 2011; Conrod et al., 2010; O'LearyBarrett, Mackie, Castellanos-Ryan, Al-Khudhairy, & Conrod, 2010) . In this way, implementing targeted clinical interventions prior to initial exposure to drugs prevents or reduces the adverse impact from substance use on the developing brain and other potential harms, as well as reduces some of the huge financial costs of addiction treatment in adulthood. There are also now a number of school-based interventions targeting the risk presented by early pubertal timing that are showing some beneficial effects (e.g., Botvin, Griffin, & Nichols, 2006; Eddy, Reif, & Fetrow, 2000) . The current findings raise the possibility that one could reduce the known vulnerability presented by a more advanced pubertal status on boy's adolescent substance use and problems by targeting sensation seeking and poor impulse control in early adolescence (or even in late childhood). Moreover, the current findings suggest that these interventions could be further enhanced by adding a component that would address individual variability not only in pubertal timing or status but also in tempo. This added component would specifically target the stress and adaptation required to cope with the greater rapidity of changes linked to puberty that some youth face, making these interventions more relevant and effective for boys. It is estimated that rates of adult substance abuse and dependence could be reduced by up to 10% with every year that onset of substance use is delayed in adolescence (Grant & Dawson, 1998) . Thus, delaying early onset of substance use or preventing problematic use is particularly important, and understanding the mechanisms by which variation in these factors are associated with substance use, as we have shown, can inform clinical prevention and intervention strategies.
